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The genus Leptospira currently comprises 16 named species. In addition, four unnamed hybridization groups were designated Leptospira genomospecies 1, 3, 4 and 5. These groups represent valid species-level taxa, but were not assigned names in the original description by Brenner et al. [Int J Syst Bacteriol 49, 839-858 (1999) ]. To rectify this situation, it is proposed that Leptospira genomospecies 1, genomospecies 3, genomospecies 4 and genomospecies 5 should be classified as Leptospira alstonii sp. nov., Leptospira vanthielii sp. nov., Leptospira terpstrae sp. nov. and Leptospira yanagawae sp. nov., respectively, with strains L. alstonii 79601 The genus Leptospira was historically classified into two species, Leptospira interrogans and L. biflexa, which comprised pathogenic and non-pathogenic strains, respectively (Johnson & Faine, 1984) . However, early molecular studies demonstrated the presence of significant genetic heterogeneity within the genus (Brendle et al., 1974; Haapala et al., 1969) . More extensive analyses led to the description of 15 named species and four unnamed DNA hybridization groups (Brenner et al., 1999; Levett et al., 2005 Levett et al., , 2006 Pérolat et al., 1998; Ramadass et al., 1992; Yasuda et al., 1987) .
The application of molecular taxonomic methods to the genus Leptospira lessened the value of the phenotypic characteristics that were used formerly to differentiate L. interrogans and L. biflexa (Johnson & Faine, 1984) . Sequence-based identification of Leptospira species has made it possible to identify the species of leptospiral isolates without performing DNA-DNA hybridization studies (Hookey et al., 1993; La Scola et al., 2006; Morey et al., 2006; Postic et al., 2000; Slack et al., 2006; Turk et al., 2003) . The serological classification of Leptospira into several hundred serovars remains extremely valuable, but functions independently of the molecular classification.
The four unnamed hybridization groups were designated Leptospira genomospecies 1, 3, 4 and 5 (Brenner et al., 1999) . Latin binomial names were not assigned because of the relatively small number of strains available for study (Brenner et al., 1999) . However, Leptospira genomospecies 1, 3, 4 and 5 are not validly published names and their use has become a source of confusion in the literature.
The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene sequences of L. alstonii 79601 Accordingly, the International Committee on Systematics of Prokaryotes Subcommittee on the Taxonomy of Leptospiraceae proposes to name these taxa in order to regularize their taxonomic position. Phylogenetic studies based on 16S rRNA gene sequences show that Leptospira genomospecies 1 (named here Leptospira alstonii sp. nov.) clusters with the pathogenic species, while Leptospira genomospecies 3, 4 and 5 cluster with the non-pathogenic species .
The following tests, as performed by Brenner et al. (1999) , were incubated at 30 uC (unless stated otherwise) on polysorbate albumin medium: growth at 11, 30 and 37 u C; growth in the presence of 225 mg 8-azaguanine ml 21 or in the presence of 10 mg 2,6-diaminopurine ml
21
; growth at 30 u C in the presence of varying concentrations (25, 50, 100, 1000 and 10 000 mg ml 21 ) copper sulfate; and the presence of lipase (trioleinase) activity. Growth was measured by visual inspection for turbidity after 7, 14, 21 and 28 days of incubation. The phenotypic characteristics of leptospires are shown in Table 1 .
The G+C content was determined for DNA prepared from type strains of the four proposed novel species by the thermal denaturation method (Mandel et al., 1970) . 16S rRNA gene sequences were determined using the methods described by Morey et al. (2006) . Sequences were deposited in GenBank. Sequences for the 16S rRNA genes of all existing Leptospira species were obtained from NCBI (GenBank). Sequences were aligned and partially trimmed in the Alignment Explorer component of MEGA version 5 (Tamura et al., 2011) . Phylogenetic analyses were conducted in MEGA 5 using the neighbourjoining method (number of differences method) (Saitou & Nei, 1987) with 500 bootstrap replications (not shown). All ambiguous positions were removed for each sequence pair (pairwise deletion of gaps and missing data). A total of 1457 positions were used in the final dataset (Fig. 1) .
Description of Leptospira alstonii sp. nov.
Leptospira alstonii (al.sto9ni.i. N.L. gen. masc. n. alstonii of Alston, named after J. M. Alston, a British microbiologist, who made significant contributions to the study of leptospirosis).
Cells are Gram-negative, flexible and helical. Motile by means of two periplasmic flagella (axial fibrils). Obligately aerobic and oxidase-positive. NaCl is not required for growth. No growth at 11 or 37 u C. Growth is inhibited by 8-azaguanine (225 mg ml 21 ), 2,6-diaminopurine (10 mg ml
) and copper sulfate. Lipase is not produced. It contains serovars from serogroups Ranarum and an as-yet undesignated serogroup. The DNA G+C content is 39±8 mol%.
The type strain is 79601 T (5ATCC BAA-2439 T ; serovar Sichuan), isolated in China from a frog. The type strain is also available from the culture collections of the WHO Collaborating Centres in Amsterdam, The Netherlands, and Brisbane, Australia. Strain  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18 19 20
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Growth at: Description of Leptospira yanagawae sp. nov.
Leptospira yanagawae (ya.na.ga9wae. N.L. gen. masc. n. yanagawae of Yanagawa, named after R. Yanagawa, a Japanese microbiologist, who made significant contributions to the study of leptospirosis).
Cells are Gram-negative, flexible and helical. Motile by means of two periplasmic flagella (axial fibrils). Obligately aerobic and oxidase-positive. NaCl is not required for growth. No growth at 11 or 37 u C. Growth is inhibited in the presence of 2,6-diaminopurine (10 mg ml 
